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- HNATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

COMPRESSOR PERFORMANCE CHARACTERISTICS OF A
PYTHON TURBINE-PROPELLER ENGINE
INVESTIGATED IN ALTITUDE WIND TUNNEL

By Emmert T. Jansen and John E. McAulay

SUMMARY

An investlgation has been conducted in the NACA Lewls altitude
wind tunnsl to determine the performance of the Python turbine-
propeller engine. Compressor-performance data were obtained for a
range of simulated altlitudes at a single cowl-inlet ram pressure
ratio while the englne was run over its full operable range of engine
speeds., At each englne speed, data were obtained over a range of
compressor pressure ratios by extracting various amounts of power
from the turbine.

Over the range of conditions Investigated at each altitude,
the veriation In compressor efficlency was small, which allowed tke
compressor & wide range of operation close to opbimum efficlency.
At constant corrected engline speed and turbine-inlet temperature,
compressor efficlency decreased approximetely 0.04 for an increase
In altitude fram 10,000 to 40,000 feet. The maximum compressor
efficiency obtained wae 0.804 and occurred at an sltitude of '
10,000 feet, a corrected air flow of 42.8 pounds per second, and
a coupressor pressure ratio of 3.8, which corresponds to a corrected
engine speed of 7000 rpm &and & turbine-ocujplet temperature of 1264° R.

The velocity profile at the compressor outlet wesg in general
unaffected by changes in altitude, turbine-inlet temperature, or
engine speed.

INTRODUCTION
An investigation to determine the static and dynamic perform-

ance characteristics at altitude of a Python turbine-propeller
engine has been conducted in the NACA Lewils altitude wind tumnel.
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As part of this investigation, performance data for the compressor
operating as an integral component of the engine were obtained over

a range of sltitudes and engine speeds at a single cowl-inlet ram
pressure ratio; at each engine speed, dats were obtalned over a range
of compressor pressure ratios by extracting verious amounts of power
from the turbine.

The performance of the l4-stage axial-flow compressor is pre-
sented graphically to show the effects of variations in compressor
pressure ratio and in engine speed and to show & general trend with —
altitude. Compressor performance deterionation ceaused by oil and
dust accummlation on the compressor blades is discussed. A complete
tabulation of the compressor performance data 1s alsc presented.

APPARATUS AND PROCEDURE
Engline

The Python turbine-propeller production engine has a statlc sea-
level nominal rating of 3670 shaft horsepower and 1150 pounds of jet
thrust at an engine speed of 8000 rpm and a turbine-outlet temperature
of 590° ¢ (1554° R)}. The meximum diameter of the engine is

54—l inches and the net dry wéight is 3150 pounds. The main components -

of the engine include propeller-reduction gegring, a l4-stage axial-
flow compressor, 11 combustors spaced around the qompressor casing, &
two-stage turbine, a tail pipe, and a fixed-area exhaust nozzle.

Compresgsor

The compressor has an air-flow capsctiy of approximetely
54.2 pounds per second and & pressure ratio of 5.1 when the engine
1s operating at rated sea-level static conditions.

Air enters the engine through an inlet duct, which forms an
annulus eround the outer diameter of the engine (fig. 1) and is
located epproximately 60 inches aft of the rear propeller. A screen
installed in this annulus prevents foreign objects from entering
the compressor. From the inlet anmulus, the air-flow passage is
divided into 11 convergent throats and is turned inward =

2088
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180° to the entry anmulus of the compressor. The air passes forward
through the compressor into the diffuser annulus, where it is turned
outward S0° with the aid of guide venes; the annulus.is then divided
Into 11 combustion-chamber-inlet elbows, where the alr is turned rear-
ward 90° with the aid of guide vanes and passes into the combustion

- chambers.

To assist in starting and accelerating to an operable engine
speed, air is bled from the compressor outlet to the atmosphere
through a blow-off valve. During normal operation this blow-off
velve remeins closed. Air is bled from the fifth stage of the com-
pressor _to cool the rear bearing and the rear face of the turbine.

Air i1s bled from the tenth stage to cool the front face of the turbine.
Air lesksge through lebyrinth seals at the compressor outlet is piped
back into the tail pipe.

Photogrephs of the compressor rotor and stator are presented in
figures 2 and 3, respectively. The rotor blades of the first five
stages are fastened on & uniformly tapered hub, whereas those of the
final nine stages are fastened on & constent-diameter hub. The rotor-
tip dlameter is 20.35 lnches through the first five stages and tapers
to 17.75 inches at the fourteenth stage. The hub-tip ratios of the
first, fifth, and fourteenth stages are about 0.61, 0.74, and 0.85,
respectively.

Installation and Instrumentation

The engine was mounted in a wing section that spanned the
20-foot-dismeter test section of the altitude wind tunnel (fig. 4).
Refrigerated alr weas supplied tc the engine from the tunnel air
stream.

Pressures and temperatures were measured by instrumentation
installed at several stations throughout the engine (fig. 1). Detail
sketches showing the locations of instrumentation at stations 1, 2, 3,

and 5 are presented in figures 5, 6, 7, and 8, respectively. Compressor-

stage static-pressure wall orifices were located in the planes of the
leading edges of the rotor stages throughout the compressor.
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Procedure

Performance data were obtaelned at an average cowl-inlet ram pres-
sure ratlo. of 1.03 at pressure altltudes of 10,000, 20,000, 30,000 and
40,000 feet. Engine speed was varied from 6800 to 8000 rpm; at each
engine speed, data were obtalned—over a range of compressor pressure
ratio, which was changed by varylng turbine-inlet temperature. The
minimum engine fllght 1dling speed was approximately 6500 rpm and was
regulated by the engine control mechanism which was preset at sea-level
conditions., As alitltude waes increased to 40,000 feet,the minimum
operable spngine speed Incressed to approximately 7200 rpm. A power
check run was made each day at a pressure altitude of 10,000 feet,
cowl-inlet ram pressure ratlo of 1.03, engine speed of 8000 rpm, and
engine-linlet temperature of 59° F for four turbine temperatures.
Preceding the power check run each day, kerosene was sprayed into
the compressor inlet for 30 minutes while the engine was opeorating
at 1dle speed in an attempt to clean the compressor-blade surfaces.

For all £flight condltlons except those of the power check runs,
refrigerated air was supplled to the englne at the standard NACA
temperature for each flight conditlon except that the minimum air
temperature was sbout -25° F.

The symbols and the methods of calculatlion are given in the
appendix.

RESULTS AND DISCUSSION .

The air-flow passage through the engine mekes two 180° turns,
one ahead and the other aft of the compressor rotor. The engine
menufacturer furnished informstion that the energy loss caused by
the turn shead of the compressor rotor is 18 percent of the
campressor-inlet veloclty head (station 1) and that the energy
loss resulting from the turn aft of the compressor lsg 34 percent
of the compressor-outlet velocity head (station 2). Because of
structural limitations of the engine, the compressor-inlet and
compressor-outlet statlions (statione 1 and 2) had to be so located
as to include these energy losses in the pressure and temperature
measuremente. The inclusion of these losses in the compressor
performance resulted in a reductlon in compressor efficlency of
less then 0.01 for all conditions lnvestigated.

6502
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Deterloration of Compressor Performence

01l leakege from ‘the accessory gear box could enter the com-
preesor inlet and provlide a sticky surface on the compressor bledes
and turning vanes, which permitted an accumnlation of foreign
particles from the tunnel alr stream on these surfaces. The use
of kerosene sprayed into the compressor-inlet as a cleanling solution
at the most retarded but di1d not eliminate the accummlatlion of forelgn
particles on the ccmpressor surfaces. This accumulation of foreign
particles resulted in a progressive decrease In compressor periormance
with Increasing engine operationsl time. The decregase in compressor
performance is shown in figure 9 for an engine operstional time
interval in the altitude wind tunnel of approximately 32 hours. At
each altitude and engine speed as engine operation time increased,
air flow and compressor pressure ratlo decreased for a glven turbine-
Inlet temperasture. The reduction in alr flow required a decrease in
engine fuel flow in order that the comstant turbine-inlet temperature
could be maintained. For this deterioration, however, the value of
ocmpressor efficlency remained unchenged. In order for the efficlency
to remalin constant, the actual work per pound of air of the compressor
must decrease by the same ratio that the ideal work per pound of air
decreases. An explanatlicn of this characteristic is that in one or
several of the leading stages of the compressor, the efficiency may
decrease In such a manner as to lmprove the existing conditions of
the air flow at some of the latter stages, with the over-all result
that the compressor efficlency remalned approximately constant. The
logg in air flow and compressor pressure ratlo with Increasing engine
operational time caused substantial reductions in shaft horsepowsr at
& given turbine-inlet temperature.

The deterioration effect was determined only for the rated
engine speed at the four altitudes Investigated and the information
is Insufflicient to permit adjusting the data for all engine speeds.
Because of this deterioration, quantitatiye evaluation of variations
in performsnce cannot be made Ffor various altitudes. For any given
altltude except 10,000 feet, however, the performance data were

obtained over an englne operatlonal time intervel of 3% hours or

less. Performance data for the rabted engine speed at an altltude
of 10,000 feet were obtalned 10 hours earlier than the performance
data for the other englne speeds at this altitude. The maximum

.change in compressor characteristics for the time interval of

3% hours 1s a l-percent decrease 1in corrected air flow and in com-

pressor pressure ratlo while the compressor efficlency remained



6 T NACA RM ESOR24

approximately constant. Quantitative esvaluation of variations in —
performance can therefore be Indlividually made for each altitude. v

[22]
Compressor Performance N o 3
: Q -

Compresgor efficlency. - Compressor efficlency ls presented in
figure 10 as a function of corrected turbine-inlet temperature for
the four altitudes investigated. The turbine-inlet temperature is
used as the Independent varlable because at constant englne speed
with a choked turbine nozzle the temperature is proportiomnel to the
square of the compressor-outlet total pressurs and thus provides a
connegting link for the compressor performance with engine and turbine
performance. In general, the change in compressor efficiency was :
relatively small over the range of conditions inveatigated at each
altitude, which allows the compressor a wide range of operation near
optimum efficlency. For all altitudes and flight conditioms investl- .
gated, the compressor. efficlency variatlon was only from 0.804 . o
to 0.695. The maximum compressor efficlency of 0.804 was obtalned ab
en altitude of 10,000 fest, a corrected air flow of 42.8 pounds per
second, and & compressor pressure ratio of 3.8, which corresponds to
a corrscted engine speed of 7000 rpm and & turbine-outlet temperature
of 1264° R. At each altitude, the decrease in compressor efficlency
that accompanied a change from minimum to maximum engine spesd at
constant corrected turbine-inlet temperature varied between 0.03 and .,
0.06; at any given engine speed the trend was for an efficiency rise
of from 0.0l to 0.04 ag turbine-inlet temperature was varled from
ninimum to the maximum allowable wvalue.

: The deta in figure 10 are crogs-plétted In figure 11 to 1llus-
trate the effect of altitude on campressor efficiency at constant
corrected engine speed and turbine-inlet temperature. At comstant
valuee of corrected engine speed and turbine-inlet temperature,
compressor efficlency decreased a maximum of only 0.04 for an .
altitude increass from 10,000 to 40,000 feet. Because compressoxr
performance deterioratlion did not affect campressor efficiency,

the loss in efficlency with increasing altlituds may be largely
attributed to the Reynolds number effect on the ccmpressor
performance. -

Compressor performance maps. - Compressor performance maps
with contours of constant compressor efficlency and lines of conetant
corrected turbine-inlet temperature superimposed are presented in
figure 12 for altitudes of 10,000, 20,000, 30,00C, and 40,000 feet.
If the corrected turbine-inlet temperature ls decreased at constant
corrected engine speed, the corrected air flow increases, with the
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Increase in air flow belng greater at low englne speeds. A decrease
in corrected engine speed at constant corrected turbline-inlet tem=-
perature results in decreases In corrected alr flow and In compregsor
pregsure ratlo. Because the altitude effect and compressor deterio-
ration effect are Iinseparable, it is not possible to accurately
evaluate the shift in lines of constant corrected engine speed and
cantours of consbtant compressor efficiency with changes in altitude.
At constant corrected engine speed and turblne-inlet temperature the
general trend of the compressor performance with lncrease In altitude
ls a decrease In alr flow and in compressor pressure ratio.

Velocity and Static-Pressure Profiles

The veloclty profiles at the compressor outlet are shown in
Pigure 13. Figure 13(a) represents the compressor-outlet velocity
proflile for a single engine and flight conditicn. Individual radilal
pressure measurements for rakes equally spaced clrcumferentially from
a radial center line through the ccmpressor-outlet passage have been
averaged. Figures 13(b) to 13(d) represent the velocity profiles at
the compressor outlet for varlous operating conditions. In every case
the veloclty is lower at the immer wallywhich may be caused by the
elbow preceding this station. The data indicated no general effect
on the veloclty profile with varlations In altitudse, corrected turbine-
inlet temperature, or corrected englne speed.

The rotor-stage statlc-pressure ratlos for ranges of altitude,
corrected turbine-inlet temperature, and corrected engine speed are
presented in flgure 14.

A complete tabulation of compressor performance data 1is pre-
sented In table I and compressor performance deterioration date in’
table IT.

SUMMARY OF RESULTS

From an Investigation of a Python turbine-propeller engine in
the NACA Lewis altitude wind tunnel over a range of slmnlated altltudes
and at a cowl-inlet ram pressure ratic of 1.03, the followlng results

relating to the compressor were obtained:
l. The variaetion in compressor efficiency was amall Ffor all

operating conditions investigated at each altitude, thereby permitting
the campressor & wide range of operation close to optimum efficilency..
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2. Increasging gltitude from 10,000 to 40,000 feet at a glven
corrected engine speed decreased compressor efficlency approximetely
0.04 for all corrected turbine-inlet temperatures. This loss in com-
pressor efficiency with increasing altitude may be largely attributed
to the Reynolds number effect on the campressor performance.

3. The maximumm compressor efflclency of 0.804 wae obtzined et an
altitude of 10,000 feet, a corrected air flow of 42.8 pounds per
second, and a caompressor pressure ratlo of 3.8, which corresponds to
a corrected engine sneed of 7000 rpm and & turbine—outlet temperature
of 1264° R. :

4. In general, the veloclty.profiles at the compressor outletb
were unaffected by changes in altitude, turbine inlet temperature,
and engline speed.

Lewls Flight Propulsion Laboratory,
Natlonal Advisory Commlttee for Aeronautics,
Cleveland, Chio.
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APPENDTX - CALCULATIONS
Symbols

The following symbols are used in the calculations:

A _area, sq £t -

a stagnation speed of sound in ailr, ft/sec.

c, . specific heat at constant pressure, Btu/(1b)(°R)

CT thermel expansion ratio, ratic of hot exhaust-nozzle
area to cold exhaust-nozzle area

D compressory rotor-blade tip-diameter, ft

ghp gear Horsepower

[y accelergtion due to grevity, 32.2 f’c/sec2 ‘

H- enthalpy, Btu/lb

M Mach number

N engine speed, rpm

P total pressure, 1b/sq £t gbsolute

;o) static pressure, 1b/sq ft sbsolute

R ges constant, 53.4 £t-1b/(1b)(°R)

shp . shaft horsepower

T totsl temperature, oRr

Ty indicated temperature, °R

t static temperature, °R

U compressor rotor tip speed, ft/sec

v © velocity, f?/sec

W “air flow, lb/sec

Wo fuel flow, 1b/hr )
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W gas flow, 1b/sec
W, compressor leakege alr flow, 1b/sec i
Wrp rear bearing cooling air flow, 1lb/sec o
Wy turbine cooling eir Flow, 1lb/sec :UO\:
Y ratio of specific heats
81 ratio of. absolute total pressure at cowl inlet to
egbeolute static pressure at NACA standerd stmospheric
sea~level conditions
6, ratio of absolute total temperature at cowl inlet to
gbsolute statlic temperature at NACA stendasrd atmos-
pheric sea~level condltions
Mo adisbatic compressor efficiency
Subsecxripts:
c compressor i
t turbine ) .
o free-streasm condltions
1 cowl or compressor inlet
la compressor rotor stages
2 compressor outlet
3 turbine inlet
4 turbine outlet
5 tall pipe
Generalizing parameters: i i
N/Mféz corrected engine speed, rpm
Ts/el corrected turbine-inlet totgl_tegpergtqre, °r -. o ;”

Wa,l1,el/slcorregte§ eng;gefinlet a;r floY?.}b{§??
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Methods of Calculation

Temperatures. - Statlc tempsratures were determined from indi-
cated temperatures with the followlng relation:

Ta
= 2=1 ' (1)

7
P
Oo - -
1 + 0.85 (P) 1

where 0,85 is the impact recovery factor for the type of thermocouple
used. '

Temperature measurements were obtained by means of thermocouples
at all stations except the turbine inlet, station 3. The high tem~-
porature level and difficulty of insgtalling instrumentation at this
statlion would not permlt the measurement of temperature with thermo-
couples. The turbine-inlet total temperature was therefore evaluated
in the following manner: The work of the turbine 1ls equal to the work
of the compressor plus the work available for the propeller along with
the gear losses. In terms of total enthalpy the relation 1s

550
Wg,3(Bz ~ Hy) = 555 (shp + ghp) + (Wa,2 Hp = Wy 3 Hy) (2)
where
We
Va,2 = Yg,5 = 3600
and
E3 = CPTS

The shaft horsepower was obtained from a torquemeter reading. The
gear horsepower was cbtained from a curve supplled by the englne
menufacturer showing gear horsepower as & funchtion of shaft
horsepowsr. '

Gas flow. = Gas flow through the tall plpe of the englne may be
determined using pressure and temperature measurements at station S
by the equation
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75"1 .
7s
W = A — = -1 3)

2059

where Cp 1s the correction for thermal expansion of the exhaust
nozzle. The turbine gas flow 1s

Wg,3 = Wg,5 = We = Wy,

where compressor leakage and all cooling aiyr flow were determined
from pressure and tempersature measurements. This calculation of gas
flow gave velues having the correct meagnitude bubt the scatter was
excesslve owing to the difficulty in measuring the small dynemic
pressuros.

Becauge the turbine nozzle was choked for the range of conditions
investigated allowlng the assumption to be made that the turbine -
nozzle vens contracta area is constant, the following equaticn was .
used to obtain the final calculated gas flow:

W ,'\’E ’3 25,8773 (4)
8,3 R /T3 73+l _

1+ 73 2(7z-1)
=)

in which the average turbine-nozzle venas contracta area was calculated

from equation (4) using the teil-pipe (station 5) gas flows and

turbine~inlet total temperature based on tail-pipe gas flow. TUsing

this average effective turblne—throat area and turbine-inlet tempera-

ture, the turbine gas flow was determined from equation (4)e. With

this turbine gas flow, & recalculation was made for turblne-inlet
temperature,which showed & negligible change In the recalculated

temperature from the originel calculated temperature. The error in

turbine gas flow is the square root of the ratio of the two tempera=- T
tures and therefore can be neglected, .
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Alr flow. - Engine-inlet alr flow 1s

. . Wf
Wa,l = Wg,3 + Wpp + Wo + Wy - zors ] (5)

which 1s the alr flow used throughout this report.

Compresgor efficlency. - Adiabatic campressor efficlency was
calculated using the followlng equation:

@7
= ()

where ¥ 1is based on the average tempesrature of the air in the
COMpPregacr. ' B

Compressor Mach number. - The compressor Mach number is defined
as the ratio of the tip speed of the compressor filrst-stage rotor
blade to the speed of sound in air at the total temperature of the
engine Inlet air. The egquatlion used is

21  60A/7gRT,

Compressor-outlet velocity. - The ccmpressor-outlet veloclty
wasg determined by The equation

- =L
2 B2\ 7

where individual total pressures and average static pressures and
total temperatures were used.
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TABLE I - PERFORMAXCE DATA OF PYTHOR TURBINE-PROPELLER

Oowl inlet - o A - - oo o
L e : B -
Ela 18 18| 48 %] o o - :
!n. .3 H s Ak 5-. é‘;. Ocmpresscr-rctor-stige stitic pressure, (1b/sq £t abs.) B 7=
s |2 |2 | |28eE | a9)sae ' B : ' ;
o |23 | % |8_|§ |SguE| Re]ka
T O|EE . (o3 ot 0 L A B
S| E.|2g| 88 e (galls| 48128 e
8l 22 | % §E§£ glBzals | 52|22 £
- o ~— — éu &-m ga6~]|wua—] 1 2 3 4 & B8 7 a -] 10 11 1%
1| 10,000 1. 6| 2530 451 €86 | 149211445 1116 12781161711743| 1082] 2288|2625 S062] S5a4| 4051} 4680 67786,
2 1.028 £170 {2398 [1454 485 1494 |1447 110090 |1268[1514 |1726 1965|254 [R584] 3014 ) 34725964 ;4584 8840
3 15 .o
-]
8
e .
8
e
10

£0,000 |1
1

1629 11854 2116
1606 [1617 2077




2059

NACA RM ES50K24

ENGINE WITH STANDARD TAIL-PIPE CONPIGURATION
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TABLE I - PERFORMANCE DATA OF PYTHON TURBINE-PROPELLER
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ENGINE WITH STANDARD TAIL~PIPE CONFIGURATION = CONCLUDED

Comprassor - : Tall pipe Qorrected
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TABLE II -~ PERFORMANCE DETERIQRATICN DATA FOR PYTHON
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TURBINE~-PROPELLER ENGINE WITH STANDARD

TAIL-PIPE GONFIGURATION

Compressor Tail pipe Correacted
ga H - £ © . ° 3 "o
—_ - e |+ —
RS ol e F 18 | E £ 1.8 0% |B . | 23
on ! o - 3 €K fol - &~ L) o e
ai—: aA - <t® = -~ ~i a 5- _5 ~ A - e -l 2
8500 8| dlaad 508 (8 (£5155)E § (a3 |58 | &7 |5 LF | EE
2e8 |3 (908588 08 1E 12838 me file ] E|E P EE L85 TR
» - . 3, 3, 20
Sgelseiseaifon Hon | (e Ba | B2 5 BT 123 02 ERIES BRI B,
vacle « |o8o|wldos Eng & gleg s alo |2~ [|B*™ 5 | & 28 | aF
0 8 |es |qas| ead a e [ - fQ < 23 0 a - 7 T 15 g.
— P LS -1 'E-\ x 3\ BN | Bt Q B, = © s L la 0t K~ .nSr— »
288|52|382|588 A |8 (20 (52| 8% (52 |BE B3 |BY | R3|¥FIEEE) KB
g)v gd gap— gn.v an.v bR B~ o> |Oon a o8 (= — m 8 s
Average sngine running time, 2
7017 (911 |7798 | 785 7509 |1551 L8358 (1400 [5.181 [8014 [0.638 [57.38 [57,08 | 37,46 [52.62 Rose | 78.0 1
6786 |902 586 | 7427 | 72785 (1439 [L616|1475 [S5.084 [BO14 | 4638 [57.65 [37,10 | 37.48 (583,09 [1940 | 78.7 | 2
6575 899 | 7363 [ 7217 } 7086 |1E44 (1807|1476 4,919 [7968 | «637 |37.79 [37,.850 | 37,87 [55.56 {1803 { 78.2 { S
8248 | 898 | 706 8918 8705 |1252 [L594 |1474 14.717 7083 | .635 57.74|55.48 1674 | 76,8 4
Average sngins running time, 8.5 hrs.
(8657 908 | 7651 | 7816 | 7567 |165% [1463 «639 [56.66 [56.22 [ 56.63[51.65/2076 [77.86 | 5
8725 | 901 {7497 | 7358 | 7815 [1448 [1L608[148¢ o641 [37.25 [38.72 | $T.11 [52,82811957 § 77.8 | 6
6523 |908 | 7313 | 7172 | 7038 |1374 L6035 (1474 «84 | 37.82 |53,01(1625 | 78.0 | 7
6259 (895 | 7078 | 86926 | 6801 (1288 1585 |1484 837 [57.58 37.85L | 57,87 |53.62(|1892 | 76.0 | 8
5885 [873 | 8780 | 6821 | 8505 1006 [L580 |14687 Be71 [S8e39 | 3874 {64,25[1508 | 75.0 | 9
Averags engine running time, 16.1 hrs.
9 7545 | 7412 7268 1570 [1628 114 5.018 [7976 | .838 98 [38.58 iO
6608 | 897 | 7368 | 7233 7090 [1483 [1610 (1478 [4.924 (8028 | .839 «58 211 1
8177 | 891 {6677 | 6858 | 4712 |le84 51464 (4.5835 (7098 | 837 (56.88 <57 13
5855 | 875 | 8537 | 6377 | 6264 1084 |1566 |1466 (4,370 |8022 | .835¢ (37,88 [37.47 -]
_ Average engine 1 b 24.7 hrs,
8448 | 904 | 7210 | 7075 | 8832 (14768 [1597 (1467 [4.845 [7991L | 636 |S5.8] [56.07 | 35.46 [80.52]1954 | 76.6 (14
6118 | 894 | 6954 | 6789 | 6858 |1305 11586 (1467 (4,641 |7098 | 657 [38.38 «01 | 56.58 |51.57!1735 | 76.7 (156
56 =12 477 | 6324 6208 [1127 1457 |4.350 {8006 | 638 {36.56 (368,32 | 38,68 [52.18|1503 | 74.0 (18
- S ge eng IRing
5185 | 837 | 5725 | 5619 208.02(55.15|2270 | 78.0 |17
2 | 889 | 8613 | 8809 28,01 (55.20 (2205 | 74.9 |18
4511 | 825 | 5480 | 5378 28,24 [55.85 2069 | 74.9 {19
4879 [ 619 (52860 | 5162 28,19 |55,83 1923 | 75.7 [20
4240 | 4871 | 4768 - 26.43 [58.35 (1638 | 72.0
: e Aver, engine running time, 9.3 hra.
3708 | 3615 1510 | 716|637 |5.855 (86871 »692{18.06 |17.85 | 18.02 [54.66 |2403 | 73.4 |22
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C- 24686

Figure 2, - Conpressor rotor,
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Figure 3, - Compressor stator (lower half),

C-24680
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© Total-pressure tube
® Static-pressure tube
! or wall orifice
X Thermocouple

(a) Schematic diagram;viewed from upstream.

Figure S,

- Instrumentation at engine inlet, station 1,
8 Inches behind tip of cowling.
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N NACA RM ES0K24
LY
Static- o
pressure
d wall
Eﬁ; orifice . . L
‘if '/Thermocouple
—— i
| 3
Lo
&l
&
ol =
Alr flow
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8;% Total
4—c————) Total-pressure
B fu { tube
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(b)) Typical detall sketch of total-pressure tubes, atatic-pressure
wall orifices, and thermocouples.

Plgure 5. - Continued. Instrumentation at engine inlet, station 1,
-~ 8 inches behind tip of cowling.
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{c) Typilcal detall sketch of static-pressure tubes and wall
orifices.

Flgure 5. - Concluded. Instrumentation at englne inlet, station 1,
8 inches behind tip of cowling.
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O Total=pressure tube
® Static-pressure wall

orifice
X x Thermocouple
178
25"
lzz
3
” 5 4
1l
32
2
l" 1“
T el
|
. 1 Combustor 1 _ i
) 11 l
b1+
i
8 11

Integrating total~
pressure tube

10

1!1
176

(&) Schematic diagrem; viewed from upstream.

Figure 6. - Instrumentation at compressor outlet, station 2,
5% inches upstream of burner-inlet flange.
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{b) Typleal detall sketch of total-pressure tubes, static~-pressure wall
orifices, and thermocouples,

Pigare §. - Concluded. Tnstrumentation at compressor-cutlet, statlon 2,
5%- inches upstream from burner~inlet Ilange,
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Integrating total-pressure tube

NACA RM E50K24

-0 Total-pressure tube

~JEE

Pigure 7, - Location of Instrumentation at turbine inlet,
station 3, 3 inches upstream of turbine flange. Viewed

from upstream,

6502
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NACA EM ESOKZ24 b

O Total-pressure tube

® Stetlc-pressure tube or
wall orifice

X Thermocouple

“!ﬂ:ﬂ,”

Figure 8, — Locatlon of Instrumentation in tail pipe,
station 5, 5% inches upstream of exhaust-nozzle
outlet, Viewed from upstrean.
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Compressor pressure ratio, Po/Py

Corrected engine Avarage engine run- .
. speed, N/4/8; Dbing time in alti~
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; H o (br} 0o
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Oorrected air flow, L' 1&/9_1/01. 1b/uc coqpreuor pressure ratic, Pg/P; L -

(d) Altitude, 40,000 feet.

Pigure 9 . -« Varlation of compressor performance with engine operationa.l time in altitude wind
tunnel. Cowl-inlet ram pressure, 1.03
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.90

Correoted engine
apeed, N/ %

(rpm)
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(b) Altitude, 20,000 feet.

Compressor efficiency, mg
8
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o 8720
o 8507
O 8265
.80 & go73
. VvV 7g6e2
pa r4 s a o
[ | T "___cﬂil<}—
70 o1 _| —+oT ©
60
(o) Altitude, 30,000 feet.
) o 8675
O 8518
-80 © 8269
A 8021
- &
. ___—-;——&"‘ -
.70 2’?’ o B
.w L L
1200 1400 1600 1800 2000 2200 2400 2600

Corrected turbine-inlet total temperature, Tz/e,, °R

{d) Altitude, 40,000 feet.

Pigure 10, - Variation of compressor efficlency with corrected turbine-inlet

temperature. Cowl-inlet ram pressure ratio, 1.03.
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Compressor efficiency, nq

R NACA RM ESOK24

Corrected engine speed
N/af®] (rpm

.80
i e
T 8000
I ——8500
.70
.60

(a) Corrected turbine-inlet total temperature, Tz/9;, 2000° R.’

Corrected englne
speed, NA[OT

.80 (rpm)
—
-
————T———J7500
.70 o ——
8500
+60 o :
0 10 20 30 40 x 10

Altitude, ft

(b) Corrected turbine-iniet total temperature, Ts/Gl, 1800° R.

Pigure 11, - Variatlion of compressor efficlency with altitude,
Cowl=inlet ram pressure ratio, 1.03.
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Compressor pressure ratio, Po/Py

Corrected englne Compressor Average engine run—
speed, N/»/8; Mach number ning time in alti-
(rpm) tude wind tunnel
(hr)
o] 8297 0.660 3.2
o 8054 «642 13.1
< 7868 «626 13.9
A 7630 608 14.6
v 7423 «591 14.8
4 7006 «5568 17.6
6.0
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inlet total
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/
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Corrected air flow, W, N 8,/81, 1b/sec

{a) Altitude, 10,000 feet.

Figure 12, - Compressor performance map.

ratio, 1.03,

Cowl-inlet ram pressure
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Corrected engine Compressor Average engine run:
speed, N/n/8y Mach number gtg% :iﬁg tn agii
(rpm) (hr)“nn
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Corrected air flow, W j N61/81, ib/sec

(b) Altitude, 20,000 feet,

Figure 12, - Contlnued.
ram pressure ratio, 1.03.

Compressor performance mape

Cowl=inlet

6502



2059

NACA RM ESOK24 L

Compressor pressure ratio, Pp/Py

Corrected engine Compressor Average engine run-
speed, N/Ajﬁi' ¥ach number ning time in alti-
(rpm) tude wind tunnel
pr (nr)
(o} 8729 0.695 26,2
o 8507 « 677 26,7
Lod 8265 «658 27.1
A 8073 «643 27.6
v 7862 «626 28,0
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total temperature
540 TS/elp °R
E/. 2400
/F(/ | 2200
5.5 |
~| ' T,‘rzoml:
P 1 1
/C» ] '
) 800
5.0 N f I |
160
AT
AN _ AU l \éwo Compressor efficiency, nc
/) A 73
4.5 4~ T
/
/] / /
7 /
g / 74
4,0 .77 ) N4
76
3e5
5'0 1
40 45 50 55 60

Corrected air flow, W£’1.4/91/61, 1b/sec

(c) Altitude, 30,000 feet,

Flgure 1Z2. ~ Contlnued. Compressor performance map. Cowl=-

inlet ram.pressure ratio, 1.03.
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_Compressor pressure ratio, Py/Py

— NACA RM ESOKZ24

f -
Corrected engine Compressor Average engine run-—
speed, N/n/9; Mach number ning time in alti-
tude wind tunnel
(I'PR) (hr)
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Corrected air flow, Wg,] A/ 61/81, 1b/sec

(&) Altitude, 40,000 feet.

Figre 12, - Concluded. Compressor performance map. Cowl-
inlet ram pressure ratio, 1.03,
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Compressor-outlet velocity, Vo, ft/sec

400

N\
{;&1\ o) Rakes 6 &nd 7

lu| Rakes 4 and 9

300 ///Ws‘?\\o\ O Rakes 2 and 11
200 // \ .

/
11
3

o N Reke
. (/ 2 4 6|7 9 11

100 4

(a) Typical velocity profile at compressor outlet. Altitude
10,000 feet; corrected engine speed, N/q/el, 80856 rpm;

corrected turbine-inlet total temperature, Ts/el’ 1936° R.

. Al%it?de
O £t
300 S o 10,000
\\ g 20,000
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‘% 40,000
Note: Polnts
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62%/ <§§:: ///A and 9 sy Oy

100

xRl KR
N

Duter wall

“::Eé:::F’

| I

0 2 4
Distance from inmer wall, in.

(b) Effect of altitude. Corrected engine speed, N/A/97,

8282 rpm; corrected turbine-inlet total temperature
T3/61, 2035° R.

Pigure 13. - Velocity profiles at compressor-outlet. Cowl~
inlet ram pressure ratlo, 1.03.
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N ] NACA RM ESOK24
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E (c) Effect of turbine-inlet temperature Corrected engine
- speed, N/o\/'éi', 8043 rpm; altitude, 10,000 feet.
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(d) Effect of corrected engine speed.

Distance from inner well, in.

corrected turbine-inlet temperature, Tz/6,, 1916° R.

Plgure 13. - Concluded.

Cowl=-inlet rem pressure ratlo, 1.03.

Altitude, 10,000 feet;

Veloclty profliles at compressor ocutlet.
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6 -
Altitude
4 (re)
© 10,000
o 20,000
¢ 30,000
4 40,000
2
(a) Effect of altitude. Corrected engine speed, N/+/5, 8282 rpm. Cor-
rected turblne-inlet temperature, Ts/el, 2036° R.
- 6
£
<
1
8 Corrected turbine-|
- inlet temperature A{//s
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] o 2108 ' —1
] o 1936
8 [+ 1713
% A 1443
-
2
1
[]
(-]
o
-
8
0 o]
(b) Bffect of corrected turbine-inlet temperature. Altitude, 10,000 feet.
Corrected engine speed, N/~/€, 8062 rpm,
é -
; . e
1]
Corrected ine
4 speed, N/ 1 )b/ﬂ/i
(rpm) ;Q
o az02
o 7849
<© 7414
2
0 i 1 !
1 2 ] 4 5 6 7 8 9 10 11 12 13 14 15 Compres-
Stator staged sor outlet

(c) Effect of englne speed. Altitude, 10,000 feet. Corrected turbine-inlet
temperature (Tz/67), 1916° R.

Flgure 14. - Compressor-rotor stage statioc-pressure ratio profile. GCowl-inlet ram
pressure ratlio, 1.03,
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